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Abslvact du&. In thc final part of tlic papcr the DiME projea and tli 
conclusion is prcscntcd. 

For distnbuted mciltimedia a~~l ica t ions  adcauatc communi- 
zation sewices havc to be dcs&ed. Uascd on'high speed net- 
works. new transport services must cope with the quality of 
~ M c e  requirements for the various media and support the 
higher level seMces for group control and synchronization. 
At the upper layciii. services for distribution, group manage- 
ment, presentation, synchronization and access control are 
needed. In this papc:r, we propose an object-based model which 
lepends on the typ: of media to be processed. The objcct de- 
fuiition contains a List of attribute specifications for d layers 
~f the communication system. The applications are Liberated 
fmm communication details, distribution, network architec- 
tures and host enviionments are transparent. 

1. Introduction 

New developments in workstation technologies have resulted 
in the a b i i y  of pmcessing multiple media including audio and 
video by a computirr 1241. Thercfore. products b d  on local 
multimcdia systems in various application areas like prcsenta- 
tion and educatiori are already available. Thc in 
communication technologies wiU provide LANs and MANs 
with dramaticdy increased bandwidth witli morc t1i.m I U O  
Mbps, morc reliability and capablc of handling diffcrcnt types 
of traiXc. High speed broadband communication will also be- 
mme the next geneiration of telccommunication iictworks. l'his 
evolution in commii~cations allows Tor thc intcgration ofdata, 
audio and full-motion vidco within a distributed system. Many 
application areas including interactivc compulcr supportcd co- 
operative work (C!SCW), see also 11; 4; ,8], wiU make u x  of 
these services. 

As the commu~cation Patterns and load dcpcnds Iieavily on 
thc type of media being proccssed and transrerrcd. tlie inte- 
gration of various inedia irnpiies ncw cliallengcs to uscr intcr- 
faces, database, operating and cornmuiiication systems. 
Concerning commiuiication aspects oT distributed multunedia 
systems systems, not oniy lower laycr protocols Tor Iiigh speed 
networks are requiired, but also protocols in thc uppcr layers 
are necessaty to support the new applications and thcir cllicicnt 
devclopmcnt. These scwices encompass thc aspccts oT distnb- 
ution. presentation, security. acaiss mntrol and synchronii-a- 
tion propertics of nnedia streams. Sornc serviccs are rclated to 
multimedia documcnts including modcls Tor tlicir structure, 
prexntation, reprcsentalion and maiiipulatioii 121; 151. 

In thc following sci:tion cornrnunication issucs likc tlic quality 
oT service. synchrorization and multicast are discussed Trom thc 
media speciiic point oTview. Subscquently our coininunicatioii 
rnodcl is dcrived. M'ithin the application services an cxainple is 
discussed and the riotion oT coininunication clianiiels is iiitro- 

. . 
2. Some Coniniuiiication lssues for Multimedia 
Data Transfer 

Current transport scrviccs for data communications in LAN 
are mainiy based on packet switching techniques. Argument 
for using tlus tcchnology are dcrived from the bursty. asyfi 
chronous type of trallic, wherc multiplexing of packets is mn 
venicnt. Wide area networks (WANs) were due to their ongi 
from telecommunication scrviccs mostly l i e  switchcd, b~ 
since 1987, D-ISDN as tlie new WAN scwice has moved froi 
a more circuit switclicd environment ( U M )  towards asyr 
chronous data transmission (A'l'ivl). For audio and vidc 
commu~cation isocluonous data transmission via &U 

switchcd networks is the original choice, but recent projoct 
have shown tliat packet switching can also be fcasible for suc 
data streams 19; 1 I]. 

To  satisfy thc wmmunication n d s  of lhe upcoming mult 
media applications, the well known layenod commu~cation 
structure of thc ISO/OSI model Iias to be en!ianced. l h e  OS 
transport systcm CI'S) has to support ncw d..ta types for tran! 
rnission. rcquiriiig inorc claboratcd quality. of scwices of th 
I'S to spccify tlicm. Additionnlly, applications rcquire a mo\ 
from communication links to ciihanced communication stm< 
turcs likc group coininuiiication witli dynamicaily vatying p a  
ticipants as wcll as audiolvidco many-to-mm 
comrnuiiications witli all thc problcms of controüing suc 
isoclironous data strcains on an asynchmnous nctwork bi 
twccn dfirciit sources and sinks. l'hcrcforc. the comrnun 
catioii systcrn must bccomc inorc 'intclligcnt" and intcgra; 
tccliiiiqucs Tor botli isochronous aiid asgnchronous data tran 
Tcr. For cxamplc, a rnultirnedia ;ipplications wants to rcquest 
vidco link bctwccn spcciiicd multimedia objccts but not stm! 
d c  with maintaining complcx conncction trees or synchron 
zation control. Morc gcneraUy spoken. it is nccessary to mo\ 
from a conncction oncntcd vicw of cominunication speciiic 
by trallic paramctcrs to a vicw on communication as a scwict 
rcqucstcd by thc appiications via service sclcction. 

'To providc applications with such comrnunication scwices, 1t 
gap betwcen connection oncntcd cornrnunication and mult 
mcdia communication serviccs has to be fdled at dilTercnt levc 
oT the commu~cation architccturcs. The TS must support ai 
ditional quality of scrvicc paratnctcrs concemipg sirnplc coi 
ncctions betwecn two cnd points. and rnust providc bas 
Tuiictioiiality Tor hidicr layers to rcnlizc the more cornplex tasl 
of group communicati~~iis. dynamic changes and synclironiz; 
tion oT data strcams Tor isocliioiious scrviccs. 'niese two arc: 
are dcscribcd in thc ncxi scctions. 



L. 

?.I Quality of Service 

>isiribulcd multimicdia applications grncrnlc coinmunication 
raliic with vcry difircnt charactcristics and havc distinct rc- 
luircmcnts in tcrms of sewiccs whicli must bc covcrcd by tlic 
I'S. For distributrxi multimcdia applications CCi'I"T 131 has 
lefied five service:j clasxs: convcrsational scrviccs. mcssaging 
&W, retricval a:rvices. distribution scrviccs and collcction 
iervices. Iach xrvicc class has dilTercni communication scrvicc 
equiremcnts. The Quality of Scrvice (QOS) rcquircd from the 
rS will get a new diiension sincc it dcpends on tlic type ol  
lata to be transmiti:ed (121 aiid thc application xrvicc class. It 
amprises tlie mai.imal dclay. the bandwidtli. tlie rcliability 
:riteria. thc crror handling, thc multicast and thc synchroniza- 
ion pmperiies. The TS layer sliould provide mcclianisms for 
he apptications to rcqucst thc QOS thcy nced and to specify 
my routing constraints thcy may Iiave. .'lhc QOS rcquircincnts 
owards the TS arc moving from a static liomogcncous policy 
o a dynamic heterc~geneous%ne allowing forneg«tiation ol  tlic 
70s. 

Real-time interactive applications iike a confercncc including 
~o i a :  or video rely on a rnaxirnnl end-teend dclaji. A voice 
lialog typically shoilld not exceed a 500 ms dclay. 'l'he maximal 
lelay requirement i:r ariainly media and sornclimes also appli- 
iation dcpendent. Iyor a distribution of vidco data originated 
iom a formal presentation given in somc auditorium thc cnd- 
o-end delay may bi: 2 seconds Tor cxample. I h c  data packcts 
,o be transmitted from xnder to reccivcr in real-time must be 
l r an s f ed  with a niaximal (bettcr a wnstant) dclay. othcnvise . 
they become uxless. The actuai data rate dcpcnds on the me- 
dia. wdiig and packet switching tcchiiquc uscd. 

To wpe  with the iiicreased bandwidth of the nctworks and to 
support multimedia communication protowls with minimud 
proeessing overhead, so d e d  Light-weight or paper-wcight 
protocols are necded [lO]. Tbc throughput required for a mc- 
dium ükc video dqends on thc mding xhcme applied,to the 
data stream. Uncornprcssed digital vidco signals according to 
the substandard 2 oiFCClR 601 dcmand 135xI06bitls = 16.093 
MDIs (luminance has 10,125 Mhz and chromiiinncc 3.375 
Mhz bandwidth). Symmetrical DI'CM comprcssion with 3 
bit/sarnple lcads to 29.611 Ml3ls. Video cocling iii DVI docs 
riot excccd 153,6 kByte/s. Audio data rntes coscr tlie \%hole 
rangc betwcen about 16 kDit/s Tor voicc coding Tor mobile ra- 
lio to 176,4 kDyiel:iec for CD-Digital Audio. 

nie usage of comprcssion tcchniqucs has impacts on thc reli- 
abiL'ty criieria which arc used to cstablish a cominunication 
channel. Uncompresscd data vidco strcams may tolcratc bit 
zrrors. whcrcas DI'CM comprcssed data rclnys on low hit crror 
rate. On the other sidc, tlic translcr of tcxt prcsumcs a rcliablc 
zrror-free scrvicc. Tlie tolcrablc imagc communication bil error 
rate dcpends also on thc applications dcmands: X-Ray image 
lransfer may have the Same requiremcnts as text transfer. 
whereas a FAX-imagc (class 1-3) may tolerale somc bit crrors. 

.I connection between two end points on a spccific routc may 
mvolve intermediate networks with distinct protocol scmantics 
:omected via gate~vays. In this casc. the 'I'S in tlic gatcway 
lodes must provid,~ prorocol conscrsions 171. Ilowevcr, tlie 
performancc demands are rclatcd to an end-to-end conncction 
~ n d  must bc satislicd within the QOS rcquireinent houndaries 
is described above. Thc TS rclated pari of thc objcci charac- 
cristics will tn: rnadc availablc to all nodcsaffcctcd by a con- 
iection. During tlie data iransrnission phasc, tlic I 'S in cach 
iodc chccks whc1lii:r tlie condiiions can hc met, ollicrwisc il 
~ i i l  cxccutc somc eirror handling furictions. Por cxninplc, if a 
ictwork nodc detcniuncs that tlic tratisit dclay optioii cannot 
>e Culiilled during thc translcr of an uncornprcsscd virlco strcain 

will1 rcal-timc constraints, it will siinply discxd tlic iiicoinii. 
data packet to avoid if a nctw«rk nodc dctcrmincs tliat tli 
transit dclay option caiinot bc fiilfillcd, it will simply discard 11 
incoining data packcl to avoid usclcss transmission aiid pro< 
cssing in tlic nctwork. 

2.2 Multicast aiid S~'ncliron.izntion 

Upcoming applicntions in thc arciis of conicrcnciiig as a pa, 
of CSCW oftcn assumc a dyiiamically cliaiiging numbcr oft< 
opcraling pnrincrs. An adcquatc suppori of this modc of oy 
cration requircs Kroup managcrncnl suppori facilitics. llcr 
group communicalion racilitics arc providcd in tcms of appl 
cation suppori Services. Iior CSCW applications it is imporiar 
to offcr scrvic~s tlial allow to addrcss onc, comc or aU grou 
mcmbcrs by unicast, multicast aiid broadcast tcchniqucs r< 
spectively. Additionally, different rcliability rcquircmcnts Iiav 
lo be fuliillcd. This conveys 10 thc so callcd rcply scmantic 
1141 which indicatc wlicthcr thc scndcr expects nonc, exactl 
onc. some or all of its rccipients 10 reply. ümup  managcmcr 
operation might be crcatc, join, lcavc or query a group of pai 
ticipants 161. I lowcvcr, it should be notcd that group commu 
nication techniqucs likc multicast supporting applications ar 
not diiectly rclatcd 10 similar tccliniqucs supporling the T 
12). Neveriheless, tlie eKicicncy of the oecrall system might b 
incrcascd in the case thc I'S provides casting serviccs which a! 
low a more dircct mappiiig of application support rcquiremcnt 
to TS xrvices. 

Uncn, a strong rclatioiisliip betwccn various media streani 
originatcd froin a singlc proccssing nodc arixs 1261. Considc 
an examplc wherc moving picturcs and tlic related voia: ar 
transmitted over the nctwork and presentcd with thc Same re 
lationship in tems of tirning at thc receiving site as created a 
thc xnder's site. Whcnever data is tobe "recombiied", we ca 
tliis type l re  synchronirntion. Vidco c o d m c c s  are typical aF 
plications which rcquirc life synchronvation. 

Anotlicr ~ypc of syiiclir~iriizniion :irires whcn indcpcndrnt iii 
fiinn:ition ciititics arc cuinl>incd h)r tlic numosc of ioint infoi ~ -~~~ ~ ~~~~~ . . 
in:ition prcsciitatioii. 'Iliis iiifonnntion is typicaily storcd an, 
iint gciicratcd dircctly by a camcra or microplione. Many ap 
plication using tliis syiiclironi~~tion exprcssed often by mean 
of "itidcpciidcni", "simullaiicuus" or "parallel" (231 belong 1, 
thc category of rctricval applicaiions according to CCIT 
Standard 1.121 141. Accurding t<i 1181 wc call this type s~~nthcri 
.~ynchionization. Individual iiiformation entities might belon 
to or be used by scvcral applications. In the conlext of data 
hascs, documcnt architccturcs or application programmiii 
intcrfaccs appropriatc spccification rnctliods ansc (sce c.g. [ I ;  
221). 

In a distributcd cnviroiimcnt. synchronization may also involv, 
many data streams originating from diffcrcnt locations 128'; 
Note, tliat synchronization at tlic User interfacc is essential an, 
many entitics in bctwcen sliould providc adequatc mcchanisms 
l'hcrclorc. apart froin tlic data storagc and communicatioi 
within tlic workstation, thc uppcr layer communicaiion sewicc 
and traiisport level are impuriant. 

3. M e d i a  re la ted  Coiiiiiiiiiiication Mdel  

From the appiication's point or view, thc rcqucstcd scrvice 
from thc commuiiication systcm (CS) can bc formulatcd in 
quitc simplc fashion. It dcfincs a mcdia object along with a lis 
of rccipicnts and assuincs nn ndcquntc data transmission. As Fa 
an thc CIS is concerncd, accoriliiig to tlic dynamic, Iiclcrogr 



zous conditions for thc various typcs of mcdin morc inTor- 
iation is ncedcd to achicve optunal scrviccs and to allow 
ficient rcsourcc rnanagcmcnt. To  fill thc gap bctwccn tlic 
~rious raw scrviccs and options providcd by tlic CS and thc 
~plications nccds describcd abovc. wc proposc a objcct bascd 
~mmunication mo<lcl Tor thc dclinitioii and lian<lliiig «T incdia 
>ecific characteristita supprled by thc uppcr laycr commuiu- 
ltion soRware. 

hc application abs(racts from thc CS scrviccs by dcfining or 
sing predclicd rncidia relatcd cliaractcristics. For cach typc of 
iedia, thcre is a rnedia class dcscribig tlicrn. A incdia strcain 
reprcsented by an objcct of thc rcspcctivc mcdia class. At 

)mmunication initiaiiition. thc objcct is madc acccssiblc to 
ie CS. Thc CS will usc thc objcct Tor thc coimcction mim- 
Scmcnt and rnapping onto its scrviccs invoking objcct statc 
:trieval rnctliods. A.pad from tlic QOS optioiis about tlic rc- 
uested throughput, cnd-to-cnd dclay, rcliability criteria and 
rnchronization the1.e are othcr CS rclcvant options as pad of 
ie object contains ihiormation likc ilow control, resourcc rcs- 
rvation. dclay scnsitivity and scrvicc rnatch. 'nie rcsourcc 
:servation parametar rnay dcfinc tirnc pcriods aiid whctlier rc- 
~urces must bc docated as a wholc or ii a partial allocation 
an be donc. The delay scnsitivity expresses thc dcgrcc of scn- 
tivity to dclay that can be tolcrated by tlie application. A 
:rvice rnatch optioii speciiies ii conditions arc fix or  if tlic CS 
an take a %st efiort" approach. If thc systcm grants tlie scr- 
ice spedcation. it will not be violatcd for aii cstablishcd 
onnection. 

Vithin ihe class spcdication, tlic actual cornrnunication rclc- 
ant Parameters an: dclied. In a B-ISDN cnvironrnent, Tor 
xample, p d c l i c d  rnedia classes will cxist Tor somc olten uscd 
ncdia like text, telcl,hon: quality 8 bit PCM codcd audio and 
~ncornpressed 140 lilbitls video. I h c  classes are arranged in a 
nedia class hicrarchy. Additional CS paramctcr combinations 
nd rnedia descriptions can bc dcfincd as ncw subclasses. 

\ ilat hierarchy cari handlc only a singlc incdiiiin c«ininuni- 
ation properly, but oiicn various rncdia liavc to bc combiiicd 
rithii a single application. To covcr thc arising issucs of syn- 
Iuonization of multiple objccts, we havc to cxtcnd our rnodel 
owards classcs rcla.ted to multiple rncdia streams. For tliis 
turpose we can use the "Compound Multirncdia Objcct' 
CMO) modcl vcry nicely (271 and extcnd it Tor tlic CS relcvant 
nformation. A ClClO is a composition of niultiplc objccts. 
Iaving its dwn sct of operations and coiitrol structurcs it con- 
ains thc dclinition of rclations arnong its objccts and opcr- 
itions. A C M 0  can bc dcfincd using basic ol~jcct typcs or 
~tlier compound objcct types. With thc C M 0  modcl, multiple 
nultunedia rcsources can be rcprescnted and rnanagcd within 
he framcwork of a singlc objcct. l'hc componcnts of a C M 0  
nay be distributed in thc nctwork. Witli thc C M 0  modcl wc 
iavc ihe means to express the synclironization rcquireincnts 
~f scveral rnedia stri:ams for the CS. 

2nother very intcresting and unportant aspcct of thc objcct 
nodcl is that wc an? ablc to support hctcrogcncous communi- 
xtioii facilitics tranisparently Tor thc applicntioii. ?'hcy arc in- 
lcpcndcnt frorn thc: undcrlying nctwork arcliitccturc sincc the 
ZS rcquircmcnts ari: specificd in a media typc oriciitcd Tasliion. 
Dcpcnding on thc progrcss in high spccd nctworks wc are ablc 
o integrale tliis conccpt on top of new nctworks likc Fl>l>I, 
:lQl>ß, D-ISI>N or othcrs rclativcly casy. 

4. Al)plicatioii Services oT tlie Coriiniiiiiicatioii 
Systeni 

'l'lic uppcr lnycr scnriccs providcd to tlic application sliould bc 
as siinplc as possiblc aiid transparciit to nctworks and opcratiiij 
systcms. Multimcdia applications mny proccss multiplc mcdia 
strcams, the sourccs and sinks rnay bc distributed in tlic nct- 
work. It is imporlant that a rncdia strcam can convcnicnlly bc 
dcfincd witli nll its rclcvant attributcs Tor storagc. distribution 
group maiiagcmcnt. cominunicntion, prcscntation and acccs: 
control. Atiothcr aspcct is tliat a uscr tnay Want to havc con- 
trol ovcr a strcam wliilc it is bcing proccsscd. Altliough thcrc 
inay bc diiTcrcnt ways to tacklc tlicsc issucs likc 1161, wc claiir 
that thc objcct bascd inodcl iiitroduccd in thc prcvious cliaptc; 
fits vcry niccly. 

I>cviccs (a vidco display. a camcra, an audio filc, a video filc 
a loudspcakcr, ctc.) are vicwed as typed objects and idcntificc 
in programs by a handlc. Thc typc of an object dctcmincs it, 
intcrfacc, i.c., tlic supprtcd set of opcrations. Ncw objcct typc 
rnay be gcncratcd at any tirnc. Bcsidcs thc opcrations associatcc 
with an objcct typc is a list of attributes. It may be separatcc 
in a variablc numbcr of groups; each group specifies tlic rclc 
vant attributcs of a spccific area, for diicrcnt objects thcrc rna: 
bc düfcrent groups. I h c  objcct description can be uscd to gcn 
crate stubs Tor objcct crcation and access. the attributes can br 
passed to thc lowcr laycr compncnts to perform thc Oper 
ations. 

In thc foUowing cxainplc. wc will sketch an objcct type dcfi 
nilion and conccntrate on thc attributes sper&cation. The at 
tributcs shown hcre should be considcred as an illustration anr 
not as a complctc spccification. Ncw attributes and/or nc\ 
groups rnay bc addcd as may be requircd. Wc dc l i e  an objec 
of typc video witli its set of attributc groups. 

ATTRIBUTES: 

description: 
uniqiie-ld = xyz123; 
u s e ~ _ n a m e  - ny-video; 
access_na,ne = rootlvideorlmv; 
ohject_clasr = video; 
appli~ation_cIass = intePaCtive: 

nanaging: 
c ~ e a t o ~  = D. Duck; 
o w n e ~  - M. Ilouse; 

Storage, inputloutput: 
device = VCR; 
tatdloo = filervrtem: 
rtorage = external; 

dirtribution: 
Ir-dirtributed = naybe; 
dirtrlbution-option = accerr control; 
re~ipientr = group; 

group nanagement: 
group~rontrol - dynanic; * 
carting - unicart, rnulticart. broadcart; 
rnultirart_reply - none. one. Sone ,  all: 
grou~i_control-opr = JOIII. LEAVE. OUERY; 



j i t t e r  - i h r ;  
bandwldth - 100 Hbltr/,; 
b i t -e r ro r  r a t e  - 1W2; 
n i u l t l r a r t  - " e s :  

~ r c s c n t a t l o n :  
codlng - PAL; 
c a n p r r i i i o n  - no; 

I ccer r  control :  
nccess = a n e r .  group; 
a m e ~ p e r a t l o n s  - ON, OFF, RLCORD; 
g r o u p o p e r a t i o n i  - PLAV, PAUSE, STOP. REWIND; 
reservat lon - multlplc-read; 

urer  dcflned: 
01 ternate-mne - c a l c ;  
i t a t u r  - f l n a l _ v c r r l o n i  ... 

ETHOOS: ... , I" 

ihe dcscription pair1 rnaintains general idormation about the 
~bject. Each object has a unique identfier given automaticaily 
t creation time, a User name providcd initiaiiy by tlie ercator, 
n access name rellecting its fuU name within an mrnposed 
~bject and the class the objcct belongs 10. The application class 
lenotes the application environment. 

Version and date 01 an object and its creation and rnodiiication 
ime are necessary to handle it in working environrnent. Ifdata 
or a multimedia application is to he mrnposed, wntents of 
rbjects mighl change, but other charaacristics remain. Only 
he version indicates the changes of data. 

Monoging information is nezssary to indicate responsibiities 
or the object, i.e. where to get access rights and Curther iriror- 
nation. If memben, of a group do have writc access to a Sigle 
rbject. the awiess :nght rnight be managcd by tlie owner or 
ither responsible for this object. Also tlie one currently Iiolding 
he access right rnight be indicated. 

i'he srorage, inpur/ourput attributes dcscribe tlie siorage repre- 
entation or 110 characteristics of the objcct. Ilcre. the video 
lata are stored on a VCR. the description of the video tape is 
{ept within the file!;ystern. The V<:R managiiig process knows 
nore about thc VCR itseii, like thc VCR type (VIIS). 

I 

I 
With thc distriburion attributc group we can express if tlic ob- - 

ect itseif is distributed (the VCR and tlie description may re-, i 
:ide on distinct nodes). The object can be accessed conlirming 
o the access control attributes and the recipient attribute. The 
>bject operations are distribution transparent. Tlic recipicnts 

i 
ittribute detemiines that the nurnber of rccipicnts is restricted 
o a group. 

In the group manaf:emcnr section the rclcvant options for the I 

~ o u p  managcrnent can be specilied. l'lie group control attri- 
>ute defies whethcr the number of group mcrnbers is static 
Ir dynamic. With thc casting attributc, we specify that thc 
:ommunication cani be unicast. rnulticast aiid broadcast. 'Thc 
nulticast-reply determines tlic rcply scmaiitics in tcrms of 
nulticast comrnunication as described carlicr. Thc opcrations 
or group control aic delincd with tlie groupcontrol-ops. 

'I'lic communicorion attributcs dcline tlic rcqucsted QOS for tl, 
transpori scrviut when transrnitting objccts oftypc vidco acro* 
thc nctwork. We requirc support of rnulticast wmmuiiicatio 
according 10 (Iic group rnanagcmcnt attributcs and an cxai 
rnntch of thc scrvice rnatch options. 

Thc presenrarion group options xrve two aspms. First, thc 
contain information about tlic objcct reprcscntation which ca 
be uscd by thc applications. n i e  sccond purpose is to suppo: 
a presentation layer likc function whcn transmitting objecl 
across thc nctwork. Tlie vidco objcct on the VCR is a PA' 
video stream. When the object will be transfcrred across a dil 
ital network. this information can bc used by the systcrn to ir 
itiate a PAL-to-digital convcrsion first. 

Objects in a distributed cnvironrncnt needdo be protcctcd arc 
as a process or u x r  must obtain the right to perfonn opcration 
on the object. The access control attributes can be used to dc 
fine acccss ridits onto a given object and specify additional rc 
strictions like multiple rcad acccss. I h e  video objcd in OL 

cxample rnay be accessed by the object owner and by rnernber 
of a dermed group. The operaiions are also divided in ownc 
spcciiic and group specific ones. A h e r  granularity of acce' 
control can be achieved by an authorization and autlienticatio 
subsystcrn. 

User dcJincd attributes pight be rescrved fields for some obje< 
uxrs to store their own objcct information naoessary Cor thei 
work. For example, if sorneone is searching cerlain irirormatio 
by browsing through a lexicon di as a mrnposed multi 
rnedia object, he might wish to record the histoty of his xarc' 
within the object itxU or to rnark Cound information. 

Objects reprcscnt sourccs arid sitiks ofrnultimedia data strcamC 
l'licy arc intcrconncctcd by objects rcpresenting communicario 
ckannels. blultimedia dnta can be scen as rnessages which wi 
be routed by thc clianncl froin w)urce to sink. The channc 
concept is similar to tlic U N I X  pipe mechanism and tlie con 
nector meclianisrn as dcscribed in 116). 

i 

Figurc I .  Kxamplc nf a Cnmmiinientian Chnnncl 
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In I'igure 1, a sccnario of rcrnotc vidco and audio with loca 
playback is given. At thc application Icvel, thc User secs fivi 
cornponcnts, thc two rcinotc sourccs camera and inicroplionc 
thc two local sinks audic lilc and TV-sct aiid the coininuni 

-- 
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:ation channel connecting tliesc objccts. '1-lie cliannel defi- 
iition contains the type of objects to he connectcd as souru: 
1rSimk. 

n thc attributes spccification of tlic cliannel objcct, tlie re- 
ationship of thc d'ficrcnt objects are specificd in tlic synchro- 
iiation group. Sice onc or rnore sourccs and sinks can be 
:onnected to a clianncl, we also necd a way to denotc thc type 
>I rnulticasting (I-1.0-1. I-10-M, N-to-M). It is donc by spcei- 
ymg the connect points in the channel's dcfinition. tlie actual 
inding between sourcc(s) and sink(s) via the clianncl takcs 
~lace at nint 'hc via thc conncct operation. Tlic nurnber of 
~bjccts connected cto a channel rnay vary during tlic elianncl's 
ifetime. Sources arid s i i s  rnay connect and/or disconncct dy- 
iamically. In ordcr to get a rnultirnedia data strcam from a 
aurce to a sink, tl!ie apphcation will invoke a wmcct opcra- 
ion and initiate the data transfcr. For examplc. tlic video 
m e r a  and the TV-set will be c o ~ e c t e d  to the channel as 
ioum and sink, then the operation s tecarncra  will start the 
lata transfcr. 

For the channel object, thcre is also an object type delinition 
1s we have already seen in the previous example. In addition. 
h e  channel object llas a speciiication Tor thc conncction points. 
As an example, we havc specilied a channel object with its at- 
lribute groups synchmnization and aocess control acconling to . 
the scenario in Pigure I on Page 4. l'he synchronization at- 
iributes are very important for the channel objcct. Ihey dcfinc 
the synchronhtioii relationships between the various media 
ctreams and as set of out-of-sync evcnt handling opcrations. 
The synchronization attributes wiU also be used by the trans- 
pori service ir, order to providc synchronized data transfcr. 

H u l t i n e d i a  o b j e c t ;  

CONNECT-POINTS: 

video_sovrce: v i d t o ;  
audio_sourcc: audio;  
video-sink : rldeo[N]; 
audio-sink : audio[N]; 

d e r c r i p t l o n :  
. . . 

synchronlzat lon:  
sync audlo  4 t h  video; 
out-of-sync audlo:  . . .; 
out-of-sync r t d e o :  ... ; 

access r o n t r o l :  
accers = ovner, group; 
mmer_operatlonr . CREATE, OELETE; 
group_operations COIIYECT. 111qUIRE. OI5COI<NECT; 
i c ~ e r r ~ m o d e  “ 1-Co-many: 

IIEIHOOS: 
~ r e a t e ;  
d e l e t e ;  
(d i r )connet t_source;  
( d i s ) c o n n e c t _ s i n k ;  . . . 

'i'hc clianncl conccpt providcs an ahstraction to thc applic: 
tions in ordcr to proccss multiple rnedia strcarns witliin tl 
conicxt of a singlc ohjcat. 'i'lic clianncl rnay bc rnappcd ont 
scveral TS connections dcpcnding on thc network architcctur 
Whcn objeets connect to a channcl. thc channel wiU know thc 
attributcs. I h e  clianncl wiU check tlie attributcs of sources ar 
sinks Tor consistcncy and wiU rcporf errors to the applicatic 
or perform error wcovery funetions respeetivcly. Por exarnpl, 
if the vidco carnera uses the PALcoding scherne but thc TV-sf 
is of typc NTSC, the channel will cither report an error or wi 
route the video strcam tluough a convcrter i i  possible. 

5. Tlie DiME Project 

7'he DiMB (ßistrihuled Multimedia Environment) proje1 
providcs a suitable prograrnrning support ofiecring cornmun 
eation serviccs Tor distributcd rnultimedia applications. 

In order 10 explore the challenges of multimedia cornmun 
cations our lirst goal was to set-up a mnimunication laborator 
with interconnected rnultimedia Workstations ' similar to th 
lntegratcd Media Architecture Labomlory (IMAL) conceive~ 
at Bcllcore in Red Rank 1191 and the thc Muse and Pygmalio: 
system of MIT'S Projeet Atliena pmjcct 113; 5; 201. 111 
inultiniedia cquipinent coinprises plug-in boads (AVC 
bI-MO'I'ION and I>VI) aiid extemal dcvices iikc audio/vide, 
switclics, VCR. (:I>-playcr, optical rnernory, carncras, rnoni 
tors, rnicroplioncs and loudspcakers. With this off-tlic-shcl 
cquipmciit controllcd by conventional workstations, wc are i~ 
tlic position to ciiablc full-rnotion video display, frarnc grab 
biiig. audio and video storagc, processing, presentation an, 
coinpression. 

.l'lic I>iME systcm structure (sec 1:igurc 2) was conccivcd to 
wards hiding Iiardware dctails to softwarc components hy th 
provision of dcvicc scrvcrs 1251. Additional basic serviccs Tor th, 
codiguration arid supcrvision of I>iME cornponcnts are alsr 
part of the prototype. For testing and dcrnonstraiion purposc 
we devclopcd local and dislributcd control applications runnin! 
under the Prescntation Manager of OS12 Tor d devices. b 
control interface Tor a CD audio player has been portcd to X 
windows running under AIX as a first distributed hctcrogc 
neous experiment. 

With the so far u>mplctcd Tust cxpcrirncnts witli I>iMC 

T o  our vicw a muliinicdia worksbiion allows Tor manipi~laiion. prcsei 
oT various media including audio and vidco. 

>Iölion. sloragc and communicalion 



object oriented V W in diatribution . i-_77 
local imultimedia 

device services K z  
tachmen 

Figure 2. The DiME System Structiire 
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* based on out knowlcdgc of communications and distrib- 
ution wc gainecl experience in the multimedia area and 

* demonstrated the possibiiity to process thc whole range 
of multirnedia data with available cquipmcnt in a labora- 
tory today. 

5. Conclusion 

Wc are now in the position to dcsign a lowcr laycr communi- 
ation intcrface with upper laycr multirncdia oricntcd scrviccs 
ike thosc prcscntcd in this paper. Communication support Tor 
listributcd multimedia Systems arccts all laycrs of tlie coin- 
nunication architecture. At the lowcr laycrs, wc nccd high 
.peed nctworks with ncw adcquate transpori System. 
Lsochronous and asy nchronous data transmission properiies are 
~quircd;  the quality of service requircments dcpciid on thc 
nedia objcct to bc transferred. In addition. motivatcd by ncw 
ipplication scenaios in the CSCW arca. the transpori service 
las to providc functionality to suppori group managcment and 
lynchronization on top. lligher laycrs must supply cornrnuni- 
xtion scrviccs for ~:fiicicnt application dcvclopmcnt. Distrib- 
ition, network architcctures and Iiost ciivirorimciits sliould be 
ransparent. 

Che incorporation of various mcdia, witli distiiict pmpcriies. 
nlo advariced applications rcquircs a workiiig frarnework 
?pcc&ed on an abstract Icvcl. Tlic objccl bascd approacli with 

grciupcd lists (11 aitributcs is thc first stcp in tliis dircction. Tlii 
dcriition of tlic corninunication scrviccs from thc applicati«n': 
vicwpoiiit, tlicir mappiiig from upper laycr comrnuiiicatioi 
scrviccs oiito tlic traiisport systcm and thcir intcgration into ; 
coinprcliciisivc communication arcliitccturc will bc thc futur, 
cliallcngc. 

I'lic futurc work at tlic IDM ENC conccrning multimcdi; 
inovcs towards this dircction witli closcly rclatcd activitics 
I'rojects dcal n traiisport systcm including rcal-timi 
isochroiious data coriimunicatioii lcir thc various typcs bf mc- 
dia witliin a Iiigh spccd nctwork cnvironmcnt. In anotlic 
projcct, wc arc working on tlie upper laycr commutiicatior 
scrviocs including group managcmcnt. synchroni7ation, dis 
tribution. acccss coiitrol and prcscntation. Othcr activitic: 
covcr thc stmcturing of complcx documcnts including audi< 
and video corifomiing to existing document architecturcs a~ic 
standards and tlic access of such documents in a distributcc 
cnvironment. 

Most of thc contcnt of tliis papers was a result of thc DiMI 
project and wc thcrcforc acknowlcdge thc helpful discussion, 
with tlic wliolc DiME tcam and particularly with Ilcrmani 
Sclimutz and Stcfan Mcnglcr. Duc to Wolfgang Johannscn. ou 
idcas on multicast and groupwork wem rcfmcd. Thc dis 
cussions witli Ilcrbcri Eberlc and Reinhard Hcite about t1ii 
object model was of grcat Iiclp. Thank you all. 
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